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ABSTRACT 

We tentatively look at anthropic constraints on the Cosmological Constant (CC) A at 
galactic scales by investigating its influence on the motion of the Sun throughout the 
Milky Way (MW) for —4.5 < t < Gyr. In particular, we look at the Galactocentric 
distance at which the Sun is displaced at the end of the numerical integration of its 
equations of motion modified in order to include the effect of A as well. Values of it 
placing our star at its birth at more than 10 kpc from the Galactic center (GC) are to 
be considered implausible, according to the current views on the Galactic Habitable 
Zone (GHZ) on the metallicity level needed for stars' formation. Also values yielding 
too close approaches to GC should be excluded because of the risks to life's evolution 
coming from too much nearby supernovae (SN) explosions and Gamma Ray Bursts 
(GRB). We investigate the impact on our results of the uncertainties on both the 
MW model's parameters and the Sun's initial conditions, in particular the Hubble 
parameter H and the Local Standard Rest (LSR) speed 6o accurate at 2% and 6.2% 
level, respectively. While H = 70.1 km s^ 1 Mpc~\ 6 = 254 km s -1 and A < 10~ 55 
cm -2 locates the place of birth of the Sun at 19.6 kpc from GC, the same values for 
Ho and A, and 0g lax = 270 km s _1 , places it at the plausible Galactocentric distance 
of 8.5 kpc. A = 10~ 54 cm" 2 and A = 10~ 53 citT 2 place the Sun at 10.6 kpc and 18.7 
kpc, respectively. 

Key words: Galaxy: general — Galaxy: solar neighbourhood — gravitation — cos- 
mological parameters 



1 INTRODUCTION 



estimated parameter ()Hinshaw et al.l l2009) 



The Cosmological Constant (CC) A l|Carrollll200ll ) is a phys- 
ical quantity with the dimensions of an inverse area which 
was introduced for the first time by lEinsteinl l|l917f ) who 
modified the field equations of his General Theory of Rela- 
tivity (GTR) to obtain cosmological static solutions. CC has 
recently been used to e xplain the observed accelerated ex- 
pansi on of the Universe (|Riess et al.lll998l ; iPerlmutter et all 
Il999t l in the most simple and economi cal way. As a result , 
the so-called standard ACDM modef] l|Bahcall et al.lll999T l 
arose. In this framework, CC has been interpreted as yield- 
ing a vacuum energy density. From the WMAP-BAO-SN0 
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1 CDM stands for Cold Dark Matter. 

2 The Wilkinson Microwave Anisotropy Probe (WMAP) 
l|Bennett et al.l i20031 is a spacecraft, located at the Lagrangian 
point L2, which is currently measuring differences in the tem- 
perature of the Cosmic Microwave Background (CMB) radiation 
across the full sky since 2001. The Baryon Acoustic Oscillations 
(BAO) refer to an overdensity or clustering of baryonic matter 
at certain length scales due to acoustic waves which propagated 



PA 



(1) 



/n = Pent = ^ = (9.2 ±0.3) x 10~ 30 g cm" 3 , (2) 



fl A = = 0.726 ±0.015, 

pcrit 

wher^fl 

c 2 A _ 3#|_ _ 

8^rG' Pcrit = 8nG ~ 
in which (jHinshaw et al.ll2009l ) 

H = 70.1 ± 1.3 km s" 1 Mpc" 1 = (2.27 ± 0.04) x 10~ 18 s" 1 

(3) 

is the present-day value of the Hubble parameter, it turns 
out 



p A = (6.7 ± 0.3) x 10~ 30 g cm" 



(4) 



in the early Universe teisensteinll2005l) . SN refers to the Type la 
supernovas l|Leibundgutll2008h which are a particular kind of defla- 
grating stars whose peculiar properties enabled to obt ain the first 
evidence for the Universe's accelerated expansion llRiess et al.l 
ll99Sl: [Perlmutter et alll999h . 

3 c and G are the speed of light in vacuum and the Newtonian 
gravitational constant, respectively. 
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and 



A = (1.26 ±0.05) x 10" 



(•>) 



Such a small value is about 120 orders of magnitude 
smaller than the one theoretically computed, as vacuum en- 
ergy density, in the framewo rk of the currently accepted 
quan tum field theories (QFT) (|Weinberdll989l ; ICarroll et al.l 
1 19921 ). 

Even before the observational discovery of the cosmic 
acceleration it was speculated on the constraints on a pos- 
sible non-zero-and non necessarily positive-CC which could 
be posed by some physical properties of the Universe which 
allowed for th e arising of life on the Earth. For e xample, 
it was noted (Barrow fe Tiplerl Il986l ; iLindei 1 19871 ) that if 
pA <C — 10~ 29 g cm -3 , i.e. if CC was negative and quite small 
(that is, quite large in magnitude), then such a Universe, 
even if flat, would collapse within a time smaller than the age 
of our universe t ~ 14 Gyr, thus m aking our life, perhaps , 
impossible. A more recent analysis (|Kallosh fc Linde]|2003l ) 
points toward slightly less tight constraints: pA > — 2x 10 -28 
g cm -3 if 7 Gyr are sufficient for emergence of human 



life, while pa 



-5 x 10" 



g cm if we really need 14 



Gyr. I n fact, we m a y do not need 14 Gyr. Indeed, accord- 
ing to I Line weaver! l|200ll ). Earth is a latecomer about 2 
Gyr younger than an average Earth-like planet in the Uni- 
verse. Of course, we still have very confuse ideas about the 
timescales for the evolution of intelligent observers, but there 
are indications that it could, in principle, occur significantly 
faster than it did on Earth (and in any case, it is reasonable 
to expect the timescales on individual planets to be broadly 
distributed) . 

Let us, now, examine anthropic constraints on positive 
CC. It was initially argued that the life of our type is impos- 
sible for pa S> 10 -29 g cm -3 because, in this case, the den- 
sity of matter of the Universe would be exponentially small 
due t o its exponential expansion at the present stage l|Lindel 
1 19871 ). A tighter bound was obtained from the f act that A 
must not be so high that galaxies never form (Weinberg! 
1 19871 ) in the sense that if A begins to dominate before the 
epoch of galaxy formation, the Universe will be devoid of 
galaxies, and thus of stars and planets. As a result, it should 
be pa < 10~ 27 g cm -3 . For anthro pic constraints and ti me- 
varying fundamental constants, see I Barrow et all (|2002l ). 

In this paper we want to try to preliminarily look at 
different anthropic constraints on A by working at non- 
cosmological scales. We will investigate the influence of CC 
on the motion of the Sun throughout the Galaxy backward 
in time, for —4.5 < t < Gyr, to see where CC displaces our 
star at the epoch of its likely formation for given sets of ini- 
tial condition^. Indeed, ac cording to the concept of Galac- 
tic Habitable Zone (GHZ) jLineweaver et al . 2004; Ci rkovid 
|2004| ; lGonzalezll2005l ; iBlair et al.ll2008l ; |Prantzosll2008D . the 
probability of having Earth formed 4 and 8 Gyr after the for- 
mation of the Milky Way (MW), which roughly corresponds 
to the birth of the Sun by assuming a MW age of about 10- 
12 Gyr, is practically null at Galactocentric distan ces larger 
than 10-15 kpc because of too poor metallicity (Prantzosl 



2008). Thus, if a given value of A displaced the Sun at a 
such huge distance, it should be regarded as implausible. 
For differ ent anthropic arguments applied to the Galaxy, 
see, e.g., (Vukotic fc Cirkovic 1120081 ) and references therein. 
Conversely, by taking the cosmologically/astrophysically- 
inferred values for CC and the MW's model parameters, 
our approach can also be used to put constraints on other 
features of the Galaxy like the present-day state vector of 
the Sun. 

It must be stressed that our analysis, and the resulting 
conclusions, should be considered as preliminary because of 
the following considerations. First, we do not include the 
Galactic model feedback for a chosen value of CC through 
dependence of the initial conditions of the Galaxy forma- 
tion. Indeed, given the measured value of the total cosmo- 
logical density, different values of CC would yield, in prin- 
ciple, different values of, say, the total present-day mass of 
the Galaxy, thus causing different present-day solar state 
vector and different GHZ boundaries at t — —4.5 Gyr. Sec- 
ond, the concept of GHZ itself lacks robustness since it has 
not been elucidat ed precise l y enou gh so far, as admitted, 
among others, by lGonzale3 l|2005l ) himself, one of the pi- 
oneers of the GHZ idea. It could also be argued that en- 
trance/ exit from GHZ may not be necessarily problematic. 
Indeed, iLineweaver et al. I (20041 ) frame GHZ as a part of the 
Galactic disk with a highest probability of forming solar-like 
planetary systems. If an already formed habitable system, 
i.e. of fixed chemical composition, leaves the GHZ, in par- 
ticular beyond the outer boundary where far less hazardous 
threats should occur, it does not necessarily mean that it 
should become inhabitable. Another potential issue consists 
of the fact that the chemical evolution of the Galaxy is not, 
in principle, independent of CC. Indeed, different values of A 
may shift the ratio of baryonic to non-baryonic matter (pre- 
sumably CDM) in the original density perturbations, thus 
impacting the amount of baryons available for star forma- 
tion, subsequent chemical enrichment, etc. However, in view 
of the lingering lacking of more detailed knowledge about 
such a topic, we will neglect it. 

The outline of the paper is as follows. In Section [5] we 
describe the model adopted for the Galaxy and the current 
state vector for the Sun which will constitute the initial con- 
ditions of our analysis. The results of our numerical integra- 
tions are presented in Section|3] with a detailed discussion of 
the impact of the current uncertainties in the MW's model 
parameters and the Sun's initial conditions (Section 13.0. 1 1) . 
Section [4] is devoted to the discussion and the conclusions. 



2 SETTING THE SCENE 

In order to properly describe the motion of the Sun 
thr ough the Galaxy, we will adopt the CDM model tested 
by IXue et all ((2008) with several Blue Horizontal-Branch 
(BHB) halo stars. It consists of three components. Two of 
them are for the disk 



C^disk = 



GM disk [l-exp(-£)] 



(6) 



4 An analogous approach has been recently applied by lloriol 
(2009) to the past Galactic motion of the Sun according to dif- 
ferent gravity models (without CC). 



where b is the disk scale length, and the bulge 

GMbuw 



r + c 



(7) 
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Table 1. Parameters of the disk and bulge models bv lXue etalj 

faoosh. 



A-^disk 


Mbulgc 


b 


CO 


(Mq) 


(Mq) 


(kpc) 


(kpc) 


5 x 10 10 


1.5 x 10 10 


4 


0.6 



Table 2. Parameters of the CDM NFW halo model bv lXue et ail 
(2008). The values quoted for r v [ T and d come from an average of 
those bv lXue et all ||2008|) . 



f2m <5th 


?™vir 


d 


H 




(kpc) 


(kpc) 


(km s _1 Mpc -1 ) 


0.3 340 


273.2 


8.9 


65 



where cq is the bulge sca le radius. The third component is 
for the CDM NFW halo (|Navarro et al.lll996l ) 



(7npw 



(Pi 



In 1 



dr 



with r v i r is the radius parameter and 

PcritfinAh d? 



Ps = 



In (1 + d) 



(8) 



(9) 



in which f2 m is the fraction of matter (including baryons 
and DM) to the critical density, 5th is critical overdensity of 
the virialized system, d is the concentration parameter The 
values used for the parameters entering eq. © and eq. (J7J) 
are in Table [1] those entering eq. (|8]) are in Table [2] Note 
that the value of the total baryonic mass of MW of Table CD 
is in agreement with th e estimates by, e.g. jMcGaugbl (|200ct ) 
an d lSmith et all (|2007h . In addition to the main acceleration 
coming from eq. ©-eq. |(5J we will add the contribution by 
CC. It is widely recognized that its effects are equivalent 
locally, i.e., within the distances of galaxies or galactic clus- 
ters, to those corresponding to a repulsive tidal force, of a 
conservative nature, be ing derived fr om a unique scalar po- 
tential Ua of the form <|Rindlerll200"ll) 

Ua = ~^r\ (10) 



The initial conditions (|Reid et al . 2009) for our numerical in- 
tegration backward in time of the Sun's equations of motion, 
performed with MATHEMATICA in rectangular Cartesian 
coordinates, are in listed in Table [3] For the speed of the 
Local Standard Rest (LSR) l|Binnev fc Tremainj|l987l ) we 
initially use the value Oo = 220 km s _1 recommended by 
the International Astronomical Unioijf] (IAU). 



3 RESULTS OF THE NUMERICAL 
INTEGRATIONS 

Concerning negative values of CC, for A = — 10~ 50 cm -2 it 
turns out the Sun would repeatedly pass as near as 2.5 kpc 



Table 3. Galactoccntric initial conditions for the Sun l|Reid et al.l 
2009); the positive y axis is directed from the Galactic Center 
(GC) to the Sun, the positive x axis is directed toward the Galac- 
tic rotation, the positive z axis is directed toward the North 
Galactic Pole (NGP). We initially use the standard IAU value 
©0 = 220 km s" 1 for the rotation speed of LSR, and Uq = 10.3 
km s — 1 , Vo = 15.3 km s — 1 , Wo = 7.7 km s — 1 for the standard so- 
lar motions toward GC, I = 90 deg and NGP, respectively; thus, 
with our conventions, xp = Vo + ©0> Vo = — f/o > %a = Wq. See 
Fig. 7 bv lReid et all l|2009h . 



x 


yo 




*o yo 20 


(kpc) 


(kpc) 


(kpc) 


(km s — *) (km s —1 ) (km s —1 ) 





8.5 


0.02 


15.3 + 220 -10.3 7.7 



to GC, although it would be finally located at 8.4 kpc at t = 
—4.5 Gyr. This would represent a serious danger for the birth 
of life on our planet because of the risk of a higher number 
of supernovae explosions and Gamma Ray Bursts (GRB); 
indeed, they may (partially or totally) destroy the Earths 
atmospheric ozone, leaving land life expo sed to lethal doe s 
of ultraviolet (UV) fluxes from the Sun l|Rudermanlll974l ). 
Instead, for A = — 10 -53 cm -2 we have that 4.5 Gyr ago the 
Galactocentric distance of the Sun would amount to 14 kpc, 
outside the GHZ. Larger values of A (i.e. smaller values of its 
magnitude) would not pose problems because the resulting 
solar trajectories would substantially never pass below the 
8 kpc level, displacing the Sun at about 8.5 — 8.8 kpc at 
t = —4.5 Gyr. In all the cases examined departures from 
the Galactic plane would be of the order of 0.1 — 0.4 kpc. 

Let us, now, move to positive values of CC, which is the 
most interesting situation in view of the present-day wealth 
of cosmological observations. It turns out that the value of 
cq. ([5]) for A does not yield hazardous approaches to GC for 
-4.5 < t < Gyr and puts the Sun at 8.88 kpc for t = -4.5 
Gyr; for smaller values and for A — > the Sun would be just 
at 8.88 kpc as well. A CC one order of magnitude larger 
would slightly change the situation, displacing the Sun at 



kpc, while A 



10" 



cm would be fatal since the Sun 



would be at 15.8 kpc. Also in this cases departures from the 
Galactic plane would be as large as about 0.5 kpc, and no 
closest approaches to GC would occur. 



3.0.1 The impact of the uncertainties in the MW's model 
and in the Sun's initial conditions 

It must be pointed out that our results depend in a non- 
negligible way both on the initial conditions of the Sun and 
on the MW model's parameters. 

Indeed, if we adopt the best estimate for the latest kine- 
ma tical determinatio n^] of the LSR speed Co = 254 km s _1 
bv lReid etahl ||2009D . we have that, for A -> 0, the final 
Sun's Galactocentric distance is 10.2 kpc, substantially the 
same value which can be obtained for values of A equal to eq. 
((5| or smaller. A = 10 -55 cm -2 locates the Sun at 9.9 kpc, 



5 Decision taken by Commission 33 (Structure and Dynamics 
of the Galactic System/Structure et Dynamique du Systeme 
Galctique) at the XIX General Assembly, Dehli, India, 1985. 
http://www.iau.org/static/resolutions/IAU1985_French.pdf 



6 It has been obtained with Very Long Baseline Array (VLBA) 
and the Japanese VLBI Exploration of Radio Astronomy project 
measuring trigonometric parallaxes and proper motions of masers 
found in high-mass star-forming regions across MW. 



4 L. Iorio 



while for A = 1CT 54 cm" 2 it would be at 8.5 kpc. A = 1CT 53 
cm -2 would, instead, displace the Sun at more than 20 kpc. 

If we insert the value of eq. (|3]) for the Hubble parameter 
in the MW model adopted, by keeping Oo = 254 km s , wc 
obtain that the Sun would be at 19.6 kpc for A — » and eq. 
((SJ). If A was one order of magnitude larger, the Sun would 
be at 19.7 kpc. It would be at 20.5 kpc for A = 10" 54 cm -2 . 
Curiously, A = 10 -53 cm -2 , i.e. three orders of magnitude 
larger than eq. ((SJ), puts the Sun at 8.6 kpc. 

Finally, the Hubble parameter of eq. Q and the stan- 
dard IAU value O = 220 km s" 1 yield the Sun at 14.4 kpc 
for A — > and eq. ([5}. A CC one-two orders of magnitude 
larger does not substantially alter the situation (14.4 kpc 
and 14.3 kpc, respectively), while also in this case A = 10 -53 
cm -2 displaces the Sun at 8.6 kpc. 

Let us, now, investigate the consequences of the uncer- 
tainty in the LS R speed amounting to SQo = 16 km s" 1 
jReid et alj|2009h . By using eq. (|3} for the Hubble parame- 
ter and the upper limit on the LSR speed O nax = 270 km 
S - , it turns out that the final Sun's Galactocentric distance 
amounts to 8.5 kpc for A — ► 0. Also A < 10~ 55 cm -2 yields 
the same value. Instead, A = 10 -54 cm -2 places the Sun at 
10.6 kpc, while it is found at 18.7 kpc for A = 10~ 53 cm -2 . 
Concerning the lower limit 6™ in = 238 km s~\ for A -> 
and A < 10" 55 cm" 2 the Sun is at 16.7 kpc. A = 10~ 54 
cm -2 puts the Sun at 15.9 kpc, while for A = 10 -53 cm -2 
it is at 11.9 kpc. 

If one uses the value by IXue et al.l l|2008l ) for Ho, the 
results are quite different. 0Q lax and A — > displace the 
Sun at 27.7 kpc. The same holds for A < 10" 55 cm -2 . A 
reduction of about 1 kpc (26.4 kpc) occurs for A = 10 -54 
cm -2 , while A = 10~ 53 cm" 2 locates the Sun at 29.7 kpc. 
For Go 1 ' 11 and A -> 0, the Sun is at 13.1 kpc, as for A < 10~ 55 
cm -2 . The solar Galactocentric distance rises to 15.1 kpc for 
A = 10" 54 cm" 2 , while A = 10" 53 cm" 2 it is 13.9 kpc. 



Table 4. Final Galactocentric Sun's distance R, in kpc, at 
t = —4.5 Gyr for different values of the solar, Galactic and cosmo- 
logical relevant parameters. Positive values of CC are considered. 



H (km s" 1 Mpc" 1 ) 


A (cm 2 ) 


6 (km s" 1 ) 


R (kpc) 


OO 


<r~ in— 56 


oon 
zzu 


O.OO 


OO 


i n _ 55 


990 


o.yo 


65 


1Q -54 


220 


9.73 


65 


10 -S3 


220 


15.8 


Oo 


<- in- 56 


9 K A 


in o 


65 


10 -55 


254 


9.9 


65 


10 -54 


254 


8.5 


65 


10 -53 


254 


> 20 


70.1 


< 10" 55 


220 


14.4 


70.1 


1Q -54 


220 


14.3 


70.1 


10 -53 


220 


8.6 


70.1 


< 10~ 56 


254 


19.6 


70.1 


10 -55 


254 


19.7 


70.1 


10~ 54 


254 


20.5 


70.1 


10 -53 


254 


8.6 


65 


< 10" 55 


270 


27.7 


65 


10 -54 


270 


26.4 


65 


10 -53 


270 


29.7 


65 


< 10" 55 


238 


13.1 


65 


10 -54 


2.38 


15.1 


65 


10 -53 


238 


13.9 


70.1 


< 10~ 55 


270 


8.5 


70.1 


10 -54 


270 


10.6 


70.1 


10 ~53 


270 


18.7 


70.1 


< 10" 55 


238 


16.7 


70.1 


10" 54 


238 


15.9 


70.1 


10 -53 


238 


11.9 



4 SUMMARY AND CONCLUSIONS 

We have preliminarily investigated the possibility of obtain- 
ing anthropic constraints on a constant and uniform CC at 
a galactic scale. Conversely, by keeping the cosmologically 
determined values of A and Ho, we can use our analysis to 
constrain some properties of the galactic system considered. 

We considered the Sun under the action of the gravita- 
tional field of MW, modeled in terms of bulge+disk+NFW 
CDM halo, with the addition of the action of such kind 
of CC. We numerically integrated the resulting equations 
of motion backward in time from now to 4.5 Gyr ago. We 
looked at the final Galactocentric distance of the Sun at the 
epoch of its likely formation in view of the limitations on 
the Earth's formation and evolution of complex forms of life 
on it outlined within the GHZ framework. 

Concerning negative values for CC, the anthropic con- 
straints that can be derived are much tighter than those pre- 
viously obtained in literature. However, we focussed most of 
our analysis on positive CC. 

Our results are, in general, strongly influenced by the 
current uncertainties in both the adopted MW model's pa- 
rameters and Sun's initial conditions, in particular by the 
Hubble parameter Ho and by the LSR speed Oo- Table [4] 
resumes the numerical outcomes of our analysis. 



For all the values used for them it turns out that the 
ACDM value of A yields solar Galactocentric final distances 
which are indistinguishable from the CC= case. Ho = 65 
km s" 1 Mpc" 1 and Oo = 220 km s" 1 locate the Sun at 8.88 
kpc, while it is at 10.2 kpc for Oo = 254 km s _1 . Instead, 
Ho = 70.1 km s" 1 Mpc" 1 displaces the Sun at 19.6 kpc 
for 9 = 254 km s" 1 and at 14.4 kpc for © = 220 km 
s _1 . In the first case the Sun's Galactocentric distance is 
satisfactory, but it is based on values of Ho and Oo which 
are in contrast with the latest observational determinations. 
The third case relies upon them, but the resulting place 
of birth of the Sun is too far from GC; anyway, it must be 
point ed out that the latest determinations of Oo (|Reid et al.l 
2009) are uncertain at more than 6% level, and this can make 
the difference. 

In general, significative variations in the Sun's Galacto- 
centric distances with respect to the standard ACDM case 
(A = 10" 56 cm" 2 ) occur for values of CC larger by two-three 
orders of magnitude. In particular, we note that the recently 
determined values Ho = 70.1 km s _1 Mpc -1 , Oo = 254 km 
s _1 and a CC three orders of magnitude larger than the 
ACDM value, i.e. A = 10" 53 cm" 2 , put the Sun at 8.6 kpc. 
The same occurs also for Oo = 220 km s _1 , given the values 
of the other parameters unchanged, i.e. Ho = 70.1 km s" 1 
Mpc -1 and A = 10 -53 cm -2 . Anyway, such results, obtained 
for the best estimates of Oo, which is actually uncertain at a 



Anthropic constraints on the cosmological constant from solar Galactic motion 5 



6.2% level, are in disagreement with the ACDM cosmological 
value for A by three orders of magnitude. 

A final Galactocentric distance of 8.5 kpc is also given 
b£| H = 70.1 km s" 1 Mpc" 1 , OfT* = 270 km s" 1 and 
A < 10 -55 cm -2 which includes the ACDM value as well. 
Instead, the smallest value for the LSR speed 0™ ln = 238 
km s _1 is disfavored since it places the Sun at 16.7 kpc for 
H = 70.1 km s _1 Mpc -1 and A < 10" 55 cm -2 . Thus, if we 
accept the WMAP-BAO-SN values of H and A, accurate 
at a 2 — 4% level, we can use our analysis to put tighter 
constraints on the Galactic LSR speed which would be, thus, 
closer to 0™ ax than to 0™ ln . Generally speaking, it would be 
interesting to process again the Galactic observations with 
dynamical models modified by the introduction of a CC, but 
it is beyond the scopes of the present work. Conversely, if 
we take the current value for Ho and 0™ ax , it turns out that 
a CC one-two orders of magnitude larger than its standard 
ACDM value remains acceptable, yielding a reasonable solar 
Galactocentric distance at t = —4.5. Gyr. 

In conclusion, given all the unavoidable limitations of 
the approach followed here outlined in the Introduction, we 
can say that for Ho = 65 km s^" 1 Mpc" 1 and 9o = 220/254 
km s~\ favorable anthropic Galactocentric distances R < 10 
kpc are obtained for A < 10" 54 cm" 2 . For Ho = 70.1 km 
s _1 Mpc -1 the situation is more intricated because of the 
impact of the uncertainties in Oo. Indeed, we have that for 
Go = 220/254 km s~\ A = 10~ 53 cm -2 yields R < 10 kpc, 
while for 6 = 270 km s _1 it must be A < 10 -55 cm" 2 . 
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7 The value eg 1 ** = 
to V slr = 273.9 km 



270 km s" 1 b y iReid et al J d200gf) is close 
_1 obtained bv lLiu fc Mai Jl999l^ from the 



proper motion and parallax data for 1011 O-B stars in the Hip- 
parcos Catalogue. 



